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"VACCINE 



FIELD OF THE INVENTION 

The present invention relates to the field of neisserial vaccine compositions, 

'5 their manufacture, and the use of such compositions in medicine. More particularly it 

relates to processes of making novel engineered rnraingococcal strains which are 

more suitable for the production of neisserial, in particular meningococcal, outer- 

* 

membrane vesicle (or bleb) vaccines. Advantageous processes and vaccine products 
are also described based on the use of novel LOS subxmit or meningococcal outer- 
10 membrane vesicle (or bleb) vaccines which have been rendered safer and more 
effective for use in human subjects. 



BACKGROUND OF THE INVENTION 

Neisseria meningitidis (meniagococcus) is a Gram negative bacterium jfrequentiy 

15 isolated from the human upper respiratory tract It is a cause of serious invasive bactmal 
diseases such as bacteremia and meningitis. The incidence of meningococcal disease 
shows geographical, seasonal and amiual differences (Schwartz, B., Moore, P.S., Broome, 
C.V.; Chn. MicrobioL Rev. 2 (Supplemmt), !S18-S24, 1989). The bacterium is commonly 
classified according to the serogroup if its capsular polysaccharide. 

20 Most disease in temperate coxmtries is due to strains of serogroup B and varies in 

incidence from 1-10/100,000/year total population - sometimes reaching higher values 
(Kaczmarski, KB. (1997), Commun. Dis. Rep. Rev. 7: R55-9, 1995; Scholten, RJ.PM., 
Bijhner, H.A., Poohnan, J.T. et al. Clin. Meet. Dis. 16: 237-246, 1993; Cruz, C, Pavez, 
G., Aguilar, R, et al. Epidemiol. Infect 105: 1 19-126, 1990). 

25 Epidemics doininated by serogroup A meningococci, mostly in central Africa, 

sometimes reach incidence levels of iq) to 1 000/1 00,000/year (Schwartz, B., Moore, P.S., 
Broome, C.V. Clin. MicrobioL Rev. 2 (Supplement), S18-S24, 1989). Nearly all cases as 
a whole of meningococcal disease are caused by serogroup A, B, C, W-135 and Y 
meningococci, and a tetravalent A, C, W-135, Y capsular polysaccharide vaccine is 

30 available (Armand, J., Arminjon, F., Myaard, M.C., Lafaix, C, J. Biol. Stand. 10: 335- 
339, 1982). 

The frequency of Neisseria meningitidis infections has risen in the past few 
decades in many European countries. This has been attributed to increased 
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franjsmission due to an increase m social acfmties {for instance swinmiing pools; 
theatres, etc.). It is no longer uncommon to isolate Neisseria meningitidis strains that 
are less sensitive or resistant to some of the standard antibiotics. This phenomenon 
has created an unmet medical need and demand for new anti-microbial agents, vaccines, 
5 drug screening methods, and diagnostic tests for this organism. 

The available polysaccharide vaccines are currently being improved by way of 
chemically conjugating them to carrier proteins (Lieb^man, J.M., Chiu, S.S., Wong, VJKL, 
etal. JAMA 275 : 1499-1503, 1996). 

A serogroup B vaccine, however, is not available. The serogroup B capsular 
10 polysaccharide has been found to be nonimmunogenic - most likely because it shares 
structural similarity with host components (Wyle, F.A., Artenstein, M.S., Brandt, M.L. et 
al. J. Infect. Dis. 126: 514-522, 1972; Finne, J.M., Leinonen, M., Makela, P.M. Lancet ii.: 
355-357, 1983). Effort has therefore been focused ia trying to develop serogroup B 
vaccines from outer membrane vesicles (or blebs) or purified protein components 
15 tha:efrom. 

Alteroative meningococcal antigens for vaccine development are meningococcal 
lipooligosaccharides (LOS). These are outer membrane bound glycolipids which differ 
from the hpopolysaccharides (LPS) of the Enterobacteriaceae by lacking the O side 
chains, and thus resemble the rough form of LPS (Griffiss et al. Rev Infect Dis 1988; 

20 10: 8287-295). Heterogeneity within the oligosaccharide moiety of the LOS generates 
structural and antigenic diversity among different meningococcal strains (Griffiss et al. 
Ihf TiTiTnun, 1987; 55: 1792-1800). This has been used to subdivide the strains into 12 
immunotypes. Immunotypes L3, L7, L9 have an identical carbohydrate structure and 
have therefore been designated L3,7,9 (or, for the purposes of this specification, 

25 generically as "L3")- Meningococcal LOS L3,7,9 (L3), L2 and L5 can be modified by 
sialylation, or by the addition of cytidine 5 -monophosphate-N-acetyhieiu:aminic acid. 
Antibodies to LOS have been shown to protect in experimental rats against infection 
and to contribute to the bactericidal activity in children infected with N, meningitidis 
(Griffiss et al J Infect Dis 1984; 150: 71-79). 

30 A problem associated with the use of LOS in a meningococcal vaccine, 

however, is its toxicity (due to its Lipid A moiety). 

LOS is also present on the surface of meningococcal blebs. For many years 
efforts have been focused on developing meningococcal outer membrane vesicle (or 
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bleb) based vaccines (de Moraes, J.c:;"Peikms, BTtlamargo, MXJ. et al7l3Ecef340l 
1074-1078, 1992; Bjxme, G,, Hoiby, E.A. Gronnesby, J.K. et al. 338: 1093-1096, 
1991). Such vaccines have the advantage of including several integral outer- 
membrane proteins in a properly folded conformation which can ehcit a protective 
5 inimunological response when administered to a host In addition, Neisserial strains 
(includiag K meningitidis serogroup B - menB) excrete outer membrane blebs in 
sufficient quantities to allow their manufacture on an industrial scale. More often, 
however, blebs are prepared by methods comprising a detergent (e.g. deoxycholate) 
extraction of the bacterial cells (e.g. BP 1 1243), which has the ejBFect of removing a lot 
10 of the LOS from the vaccine. This is desired due to the toxicity of LOS (also called 
endotoxin) as described above. 

A further problem with using LOS as a vaccine antigen is that 12 LPS 
immuiiotypes exist with a diverse range of carbohydrate-structures (M. P. Jennings et al, 
Microbiology 1999, 145, 3013-3021). Antibodies raised against one immunotype fail to 
15 recognise a diJSerent inmnmotype. Although effort has been focused on producing a 
generic "core" region of the oligosaccharide portions of the LOS immunotypes (e.g. 
WO 94/08021), the bactericidal activity of antibodies generated against the modified 
LOS is lost. Thus a vaccine may need to have many LOS components of different 
immunotype to be effective. 
20 A further problem exists with the use of LOS (also known as LPS or 

lipopolysaccharide) as antigens in human vaccines, namely that they carry saccharide 
stmctures that are similar to human saccharide structures (for instance on human red 
blood cells), thus posing a safety issue with their use. 

The present invention presents processes for ameUorating one or more of the 
25 above problems, and presents methods for making novel vaccines based on 
meningococcal LOS as a protective antigen, particularly when present on an outer 
membrane vesicle. 

DESCRIPTION OF THE INVENTION 

30 The subject matter of and ioformation disclosed within the pubUcations and 

patents or patent appUcations mentioned m this specification are incorporated by 
reference herein. 



3 



VB60120 

o _ . 

" Reference to ••JLipoongosac^hande'n(pf~**l:OS^') may abu'lrenrefetred-^-^ 
"Upopolysaccharide" or "LPS". 

The present inventors have foimd that the shortening LOS oligosaccharide 
structures leads to the loss of epitopes that can elicit a bacteriocidal immune response. 

5 Instead, the inventors have found that in order to use LOS most effectively in a 
vaccine foiinuation, the LOS oligosaccharide stmcture must be retained as much as 
possible, but a combination of just 2 LOS antigens can yield a universally ejBfective 
Neissmal (preferably meningococcal) vaccine. A first aspect of the invention is an 
immunogenic composition for the prevention or treatment of Neisserial (preferably 

10 meningococcal or meningococcal B) disease comprising Neisserial (preferably 
meningococcal) LOS of immunotype L2 and LOS of immunotype L3. LOS may be 
isolated by either known purification procedures, or may be present in at least 2 outer 
membrane vesicle (or bleb) preparations derived from L2 and L3 Neisserial strains. In 
order to remove toxic loosly held LOS firom the bleb preparation, but retain high 

15 levels of integrated LOS antigen in the bleb, it is preferred that the blebs are extracted 
using a low concentration of detergent - 0-0.3%, preferably 0,05-0.2%, most 
preferably around 0.1%, preferably deoxycholate (or DOC). Such a combination of 
LOS antigens is surprisingly advantageous in being ejffective against over 90% of N 
meningitidis strains. 

20 The inventors have also found that the above bleb immunogenic compositions 

of the invention, and indeed any Neisserial (preferably gonococcal or meningococcal) 
derived bleb immunogenic composition, can have rahanced efifect of protective 
antigens (including LOS) on their surface if certain combinations of unmunodoniinant 
outer membrane proteins are downregulated in expression (and preferably deleted). A 

25 second aspect of the invention is therefore a Neisserial bleb preparation derived fix^m 
a neisserial strain which has had 2 or more of the following outer membrane proteins 
downregulated in expression, and preferably deleted, compared to the native, non- 
modified strain: PorA, PorB, OpA, OpC or PilC. Preferably PorA and OpA, PorA and 
OpC, OpA and OpC, or PorA & OpA & and OpC are downregulated or deleted. Such 

30 mutations are beneficial in any Neisserial (preferably meningococcal) strain from 
which bleb unmunogenic compositions are to be derived, however it is preferred that 
L2 or L3 immunotype Neisserial (pxcferably meningococcal) strains are used. 
Preferably the bleb immunogenic compositions of the invention contains both L2 and 
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, ^ "L3 blebs where at least one (and preferably^b7?tb)"iB--d^^ L a Qie abo v e - 

• combinations of immunodominaat outer membrane proteins (or OMPs). Techniques 
for downregulating these genes are discussed in WO 01/09350 (incorporated by 
reference herein). Four different Opa genes are known to exist in the meningococcal 
5 genome (Aho et al. 1991 MoL Microbiol. 5:1429-37), therefore where Opa is said to 
be downregulated in expression it is meant that preferably 1, 2, 3 or (preferably) all 4 
genes present in meningococcus are so downregulated. Such downregulation may be 
perfoimed genetically as described in WO 01/09350 or by seekmg readily-found, 
nahiral, stable meningococcal strains that have no or low expression from the Opa 
10 loci. Such strains can be fotmd using the technique described in Poolman et al (1985 J. 
Med. Micro. 19:203-209) where cells that are Opa" have a different phenotype to cells 
expressing Opa which can be seen looking at the appearance of the cells on plates or 
under a microscope. Once found, the strain can be shown to be stably Opa" by 
' performing a Western blot on ceU contents after a fermentation nm to estabhsh the 
15 lack of Opa. 

Safetv of the above LPS immunogenic compositions 

The safety of antibodies raised to L3 or L2 JLPS has been questioned, due to 
the presence of a structure similar to the lacto-N-neotetraose oligosaccharide group 

20 (Gaipi-4GIcNAcpi-3Galpl-4Glcpi- ; Fig 1) present in human glycosphingoUpids. 
Even if a large ntimber of people has been S8ifely vaccinated with deoxycholate 
extracted vesicle vaccines containing residual amount of L3 LPS (G. Bjune et al. 
Lancet (1991), 338, 1093-1096; GVG, Sierra et al NIPH ann (1991), 14, 195-210), 
the deletion of the terminal part of the LOS saccharidic is advantageous in preventing 

25 any cross-reaction with structures present at the smface of human tissues. In a 
preferred embodiment, inactivation of the IgtB gene results in an intermediate LPS 
stmcture in which the terminal galactose residue and the siahc acid are absent (see 
figure 1 and 2, the mutation leaves a 4GlcNAcpl-3Gaipi-4Glcpl- structure in L2 and 
L3 LOS). Such intermediates could be obtained in an L3 and an L2 LPS strain. An 

30 alternative and less preferred (short) version of the LPS can be obtained by turning off 
the IgtE gene. A further alternative and less preferred version of the LPS can be 
obtained by turning off the IgtA gene, ff such an IgtA" mutation is selected it is 
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preferred to also turn off IgRJ expression To prevent '"the non-inmiuiiSg^ifitr"El" 
immunotype being foimed. 

LgtB" mutants are most preferred as the inventors have found that tibis is the 
optimal truncation for resolving the safety issue whilst still retaining an LPS 
5 protective oligosaccharide epitope that can still induce a bactericidal antibody 
response. 

Therefore, the above L2 or L3 preparations (whether purified or in an isolated 
bleb) of the invention or meningococcal bleb preparations in general are 
advantageously derived from a Neisserial strain (preferably meningococcal) that has 
10 been genetic engineered to permanently downregulate the expression of functional 
gene product from the IgtB, IgtA or IgtE gene, preferably by switching the gene off, 
most preferably by deleting all or part of the promoter and/or open-reading frame of 
the gene. 

Where the above bleb preparations of the invention are derived from a 

15 meningococcus B strain, it is ftirther preferred that the capsular polysaccharide (which 
also contains human-like saccharide structures) is also removed. Although many 
genes could be switched off to achieve this, the inventors have advantageously shown 
that it is preferred that the bleb production strain has been genetically engineered to 
permanently downregulate the expression of fimctional gene product from the siaD 

20 gene (i.e. downregulating a-2-8 polysialyltransferase activity), preferably by switching 
the gene off, most preferably by deleting all or part of the promoter and/or open- 
reading frame of the gene. Such an inactivation is described in WO 01/09350. The 
siaD (also known as synD) mutation is the most advantageous of many mutations that 
can result in removing the human-similar epitope from the capsular polj^accharide, 

25 because it one of the only mutations that has no effect on the biosynthesis of the 
protective epitopes of LOS, thus being advantageous in a process which aims at 
ultimately using LOS as a protective antigen, and has a minimal effect on tihte growth 
of the bacterium. A preferred aspect of the invention is therefore a bleb immunogenic 
preparation as described above which is derived from an IgtE" siaD~ , an IgtA' siaD^or, 

30 preferably, an IgtB" siaD" meningococcus B mutant strain. The strain itself is a fiirther 
aspect of the invention. 

Although siaD' mutation is pref^able for the above reasons, other mutations 
which switch off meningococcus B capsular polysaccharide synthesis may be used. 
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Thus Heb' productioii "" strain' can ""be genetically 





m downregulate the expression of functional gene product from one or more of the 
following genes: ctrA, ctrB, ctrC, ctrD, synA (equivalent to synX and siaA), synB 
(equivalent to siaB) or synC (equivalent to siaC) genes, preferably by switching the 
5 gene off, most preferably by deleting all or part of the promoter and/or open-reading 
frame of the gene. The IgtE" mutation may be combined with one or more of these 
mutations. Preferably the IgfB" mutation is combined with one or more of these 
mutations. A ftirfher aspect of the invention is therefore a bleb immunogenic 
preparation as described above which is derived from such a combined mutant strain 
10 of meningococcus B. The strain itself is a ftirfher aspect of the invention. 

A Neisserial locus containing various Igt genes, including IgfB and IgtE, and 
its sequence is known in the art (see M. P. Jeimings et al. Microbiology 1999, 145, 
3013-3021 and references cited therein, and J. Exp. Med. 180:2181-2190 [1994]). 

Where fiiU-lengfh (non-truncated) LOS is to be used in the final product, it is 
15 desirable for LOS not to be sialyated (as such LOS generates an immune response 
against the .most dangerous, invasive meningococcal B strains which are ^o 
unsialylated). In such case using a capsule negative strain which has a deleted synA 
(equivalent to synX and siaA), syoB (equivalent to siaB) or S5aiC (equivalent to siaC) 
gene is advantageous, as such a mutation also renders menB LOS incapable of being 
20 sialylated. 

The Toxicity of LOS 

The above purifed LOS or bleb immunogenic compositions of the invention 
may also be rendered less toxic by downregulatiag egression of certain genes in the 

25 bacterial production strain from which they are derived. Although such detoxification 
may not necessary for intranasal immunization with native OMV (J. J, Drabick et al^ 
Vaccine (2000), 18, 160-172), for parenteral vaccination detoxification would present 
an advantage. Preferably the LOS purifed LOS or bleb immunogenic compositions of 
the invention are detoxified by genetically engiaeering the Neisserial production strain 

30 by mutation/modification/iQactivation of the genes involved in LipidA biosyathesis, 
particularly those genes involved in adding secondary acyl chains to lipidA, in 
particular by downregulating the expression of functional gene product from the msbB 
and/or htrB genes, and preferably by switching the gene off, most preferably by 
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ailiffiig^air or' paff"o^ promoter and/or open-readmgT&ame <xniie~g®fle: 
Alternatively (or in addition) the purifed LOS or bleb immunogenic compositions can 
be derived from a Neisserial strain which has been genetically modified so that one or 
more of the following genes are upregulated (by iatroduciag a stronger promoter or 

5 integrating an CTrtra copy of the gene): pmrA, pmrB, pmrE and pmrF. Alternatively (or 
in addition) the purifed LOS or bleb immunogenic compositions may be detoxified by 
adding non-toxic peptide fimctional equivalents of polymyxin B [a molecule with high 
affinity for Lipid A] to the compositions. 

See WO 01/09350 for more detdl on the above detoxification methods, and 

10 for relevant promoter / gCTie sequences and upregulation and downregulation methods. 
The msbB and htrB genes of Neisseria are also called IpxLl and lpxL2, respectively, 
(see WO 00/26384) and deletion mutations of these genes are characterised 
phenotypically by the msbB" mutant LOS losing one secondary acyl chain compared 
to wild-type (and retaining 4 primary and 1 secondary acyl chain), and the htrB" 

15 mutant LOS losing both secondary acyl chains. See WO 93/14115, WO 95/03327, 
Velucchi et al (1997) J Endotoxin Res 4: 1-12, and EP 976402 for fiirther details of 
non-toxic peptide fimctional equivalents of polymyxia B that may be used in the 
compositions of this invention — particularly the use of the peptide SAEP 2 (of 
sequence KTKCKFLKKC where the 2 cysteines form a disulphide bridge). 

20 By "downregulating the expression of functional gene product"' it is meant that 

additions, deletions or substitutions are made to the promoter or open reading frame of 
the gene in question such that the biosynthetic activity of the total gene product 
reduces (by 60, 70, 80, 90, 95 or most preferably 100%). Clearly frameshifl mutations 
may be introduced, or weak^ promoters substituted , however most preferably most 

25 or all of the open reading frame and/or promoter is deleted to ensure a permanent 
downregulation of tihe gene product (as described in WO 01/09350). 

Further aspects of the invention include the above described genetically 
modified Neisserial (preferably meningococcal or gonococcal or meningococcal B) 
30 strains from which the LOS or bleb immunogenic preparations of the invention may 
be derived. 
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The LOS orIX)S-coiitaiimig Bleb preparations ofthe inveilttDn r- 
A further aspect of the invention are LOS preparations (particularly those 



described above) isolated from the Neisserial strains of the invention. Preferably the 
5 isolated LOS (or LOS-containing bleb) is L2 or L3 immunotype, and preferably the 

immunogenic compositions of the invention comprise both L2 and L3 LOS (or bleb) 

preparations of the invention. 

Such preparations may also be improved by conjugating the oligosaccharide 

portion of the above LOS (whether purijaed or present in a bleb preparation) to a 
10 carrier comprising a source of T-cell epitopes (thus rendering the LOS an even better 

[T-dependent] immunogen). A purified LOS preparation of the invention may 

altematively (or in addition) be rendered a better antigen by presenting it in liposome 

formulations known in the art (see for instance WO 96/40063 and references cited 

therein). 

15 The process of isolation of LOS from bacteria is well known in the art (see for 

instance the hot water-phenol procedure of Wesphal & Jann [Meth. Carbo. Chem, 
1965, 5:83-91]). See also Galanos et al. 1969, Eur J Biochem 9:245-249, and Wu et 
al. 1987, Anal Bio Chem 160:281-289. Techniques for conjugating isolated LOS are 
also known (see for instance EP 941738 incorporated by reference hCTein). 

20 For the purposes of this invention "a carrier comprising a source of T-cell 

epitopes'' is usually a peptide or, preferably, a polypeptide or protein. Conjugation 
techniques are well known in the art. Typical carriers include protein D from non 
typeable H. influenzae, tetanus toxoid, diphtheria toxoid, and CRM197. 

Preferred isolated LOS compositions of the invention are: a composition 

25 comprising L2 and L3 isolated LOS wherein the oligosaccharide portion of each LOS 
is optionally conjugated to a carrier comprising a source of T-cell epitopes, a 
composition comprising LOS which has a structure consistent with it having been 
derived from a IgtB' meningococcal strain wherein the oUgosaccharide portion of each 
LOS is optionally conjugated to a carrier comprising a source of T-cell qpitopes, and 

30 most preferably a composition comprising L2 and L3 isolated LOS which have a 
structure consistent with them having been derived from an IgtB" meningococcal 
strain, wherein the oUgosaccharide portion of each LOS is optionally conjugated to a 
carrier comprising a source of T-cell epitopes. 
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' pfei5fal51yTSeTX)SncoS^^ 
may be done by known techniques of hydrazine or alkaline hydrolysis chemical 
treatments which remove acyl chains from the molecule (but which may reduce the 
protective eflBcacy of the molecule), but is preferably done by isolating the LOS from 

5 an htrB" or msbB" meniagococcal mutant (as described above), or by adding a non- 
toxic peptide ftinctional equivalent of polymyxin B [a molecule with high aflSnity to 
Lipid A] to tiie composition, in particular SAEP 2 (as described above). 

The LOS of the invention maybe administered in an isolated state (usually in 
die form of micelles if the lipid A moiety is still iutact), or may be administered in a 

10 liposome. In such case outer membrane proteins may be added to the liposome, and 
the LOS may be conjugated intra-liposome to such outer membrane proteins to render 
the oUgosaccharide a T-dependent antigen. This may be done with a similar chemistry 
as described for intra-bleb LOS cross-linking as described below. 



15 Intra-bleb cross-lioking (coniugation") of the oligosaccharide portion of LOS to outer 
membrane proteins present on the surface of the bleb 

Where LOS (in particular the LOS of the iavention) is present in a bleb 
formulation the LOS is preferably conjugated in situ by methods allowing the 
conjugation of LOS to one or more outer membrane proteins also present on the bleb 

20 preparation (e.g. PorA or PorB in meningococcus). 

This process can advantageously enhance the stability and/or immunogenicity 
(providing T-cell help) and^or antigenicity of the LOS antigen within the bleb 
formulation — thus giving T-cell help for the T-independent oligosaccharide 
iomiunogen in its most protective conformation — as LOS in its natural enviroEment 

25 on the surface of meningococcal outer membrane. In addition, conjugation of the LOS 
within the bleb can result in a detoxification of the LOS (the Lipid A portion being 
stably buried in the outer membrane thus being less available to cause toxcity). Thus 
the detoxification methods mentioned above of isolating blebs from htrB" or msbB' 
mutants, or by addmg non toxic peptide ftinctional equivalent of polymyxin B to the 

30 composition may not be required (but which may be added in combination for 
additional security). Thus the inventors have found that a composition comprising 
blebs wherein LOS present in the blebs has been conjugated in an intra-bleb fashion to 
outer membrane protdns also present in the bleb can form the basis of a vaccine for 
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tbe treatment or prevention oraiseases caused'by*lhi5nDTgaMism"^ 

have been derived, wherein such vaccine is substantially non-toxic and is capable of 

inducing a T-dependent bactericidal response against LOS in its native environment. 

This invention therefore further provides such an intra-bleb LOS conjugated 
bleb preparation. Preferably the blebs have been derived from any Gram negative 
organism from which blebs can be produced (see WO 01/09350), preferably 
MoraxeUa catarrhalis, non-typeable Haemophilus influenzae or Neisseria (most 
preferably meningococcus). 

Such bleb preparations may be isolated from the bacterial in question (see WO 
01/09350), and then subjected to known conjugation chemistries to link groups (e.g. 
NHa or COOHT) on the oUgosaccharide portion of LOS to groups (e.g. NH2 or COOH) 
on bleb outer membrane proteins. Cross-linking techniques using glutaraldehyde, 
formaldehyde, or glutaraldehyde/fonnaldehyde mixes may be used, but it is preferred 
that more selective chemistries are used such as EDAC or EDAC/NHS (J.V. Staros, 
R.W. Wright and D. M. Swingle. Enhancement by N-hydroxysuccinimide of water- 
soluble carbodiimide-mediated coupling reactions. Analytical chemistry 156: 220-222 
(1986); and Bioconjugates Techniques. Greg T. Hermanson (1996) ppl73-176). Other 
conjugation chemistries or treatments capable of creating covalent links between LOS 
and protein molecules that could be used are described in EP 941738. 

Preferably the bleb prq)arations are conjugated in the absence of capsular 
polysaccharide. The blebs may be isolated from a strain which does not produce 
capsular polysaccharide (naturally or via mutation), or may be purified from most and 
preferably all contaminating capsular polysaccharide, hi this way, the intra-bleb LOS 
conjugation reaction is much more efficient. 

Preferably more than 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 95% of the LOS 
present in the blebs is cross-linked/conjugated. 

Where the intra-bleb conjugated blebs are derived from meningococcus, it is 
preferred that the strain from which they are derived is a mutant strain that caimot 
produce capsular polysaccharide (e.g. one of the mutant strains described above, in 
particular siaD"). It is also preferred that immunograic compositions effective agaiost 
meningococcal disease comprise both an L2 and and L3 bleb, wherein the L2 and L3 
LOS are both conjugated to bleb outer membrane proteins. Furthermore, it is preferred 
that the LOS structure within the intra-bleb conjugated bleb is consistent with it 
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haviag been Zenvefflfroin IgtB' 'meningococcaT strain. "'Mosf pfefefabljr' 
immunogenic compositions comprise intrableb-conjugated blebs: derived jfrom a 
mutant meningococcal strain that caimot produce capsular polysaccharide and is IgtB"; 
comprising L2 and L3 blebs derived from mutant meningococcal strains that cannot 
produce capsular polysaccharide; comprising L2 and L3 blebs derived from mutant 
meningococcal strains that are IgtB'; or most preferably comprising L2 and L3 blebs 
derived from mutant meningococcal strains that cannot produce capsular 
polysaccharide and are IgfB'. 

Typical L3 meningococcal strain that can be used for the present invention is 
H44/76 menB strain. A typical L2 strain is the B16B6 menB strain or the 39E 
meningococcus type C strain or strain 760676. 

As stated above, the blebs of the invention have been detoxified to a degree by 
the act of conjugation, and need not be detoxified any ftirther, however further 
detoxification methods may be used for additional security, for instance using blebs 
derived from a merdngococcal strain that is htrB" or msbB" or adding a non-toxic 
peptide ftmctional equivalent of polymyxin B [a molecule with high affinity to Lipid 
A] preferably SEAP 2) to the bleb composition (as described above). 

In the above way meningococcal blebs and immunogenic compositions 
comprising blebs are provided which have as an important antigen LOS which is 
substantially non-toxic, devoid of autoimmunity problems, has a T-dependent 
character, is present in its natural environment, and is capable of inducing a 
bactericidal antibody response against more than 90% of meningococcal strains (in the 
case of L2+L3 compositions). 

One or more of Men A, C, Y or W capsular polysaccharides or 
oligosaccharides (preferably at least MenC, or MenA and MenC, or Men C and 
MenY) may also be conjugated onto an outennembrane protein of the bleb of the 
invention as well. Although this could be done in the same reaction as LOS cross- 
linking, it is preferred that this is done in a separate reaction. 

The process of optimal intra-bleb LOS conjugation is a finlher aspect of the 
present invention. 

Intrableb conjugation should incorporate 1, 2 or all 3 of the following process 
steps: conjugation pH should be greater than pH 7.0, preferably greater than or equal 
to pH 7.5 (most preferably under pH 9); conditions of 1-5% preferably 2-4% 
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mostprefSiiBly around 3% sucrose "sEoma-^ uadsrais^^ 

should be miniroised in the conjugation reaction, preferably under O.IM, 0.05M, 
O^OIM, 0.005M, 0.00 IM, aad most preferably not present at all. All these process 
features make. sure that the blebs remain stable and in solution throughout the 
conjugation process. 

The EDAC/NHS conjugation process is a preferred process for intra-bleb 
conjugation, EDAC/NHS is preferred to fonnalydehyde which can cross-link to too 
high an extent thus adversely afiEecting filterability. EDAC reacts with carboxylic 
acids to create an active-ester iatennediate. In the presence of an amine nucleophile, 
an amide bond is formed with release of an isourea by-product. However, the 
efficiency of an EDAC-mediated reaction may be increased through the formation of a 
Sulfo-NHS ester intermediate. The Sulfo-NHS ester survives in aqueous solution 
longer than the active ester formed from the reaction of EDAC alone with a 
carboxylate. Thus, higher yields of amide bond formation may be reahzed using this 
two-stage process. EDAC/NHS conjugation is discussed in J.V. Staros, R.W. Wright 
and D. M. Swingle. Enhancement by N-hydroxysuccinimide of water-soluble 
carbodiimide-mediated coupling reactions. Analytical chemistry 156: 220-222 (1986); 
and Bioconjugates Techniques. Greg T. Hermanson (1996) ppl73-176. 

A preferred process of the invention is therefore a process for producing intra- 
bleb conjugated LOS (preferably meningococcal) comprising the steps of conjugating 
blebs in the presence of EDAC/NHS at a pH between pH 7.0 and pH 9.0 (preferably 
around pH 7.5), in 1-5% (preferably around 3%) sucrose, and optionally in conditions 
substantially devoid of NaCl (as described above), and isolating the conjugated blebs 
from the reaction mix. 

The reaction may be followed on separation gels of the reaction mixture using 
anti-LOS (e.g. anti-L2 or anti-L3) mAbs to show the increase of LOS molecular 
weight for a greater proportion of the LOS in the blebs as reaction time goes on. 

Yields of 99% blebs can be recovered using such techniques. 

EDAC was foxmd to be an excellent intra-bleb cross-linking agent in that it 
cross-linked LOS to OMP sufficiently for improved LOS T-dependent 
immunogenicity, but did not cross hnk it to such a high degree that problems such as 
poor filterability, aggregation and inter-bleb cross-linking occurred. The morphology 
of the blebs generated is similar to that of unconjugated blebs. In addition, the above 
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protocol avoTdia' an^ovCTly THP"ct6ss'-^^ 'fo*"ta]cel?lai:-e-(wMch Tcan-decrease-thje- 
immunogenicity of protective OMPs naturally present on the surface of the bleb e.g. 
TbpAorHsf). 

5 Techni ques for isolating blebs 

Outer Membrane Vesicles (OMVs or blebs) can be isolated by many Jnown 
techniques (Fredriksen et ah NCPH Annals (1991), 14, 67-79; Zollinger et al, J. Clin 
Invest (1979), 63, 836-848; Saunders et al. Meet Immun (1999), 67, 113-119; JJ- 
Drabick et al. Vaccine (1999), 18, 160-172). These divide into 2 main groups - 

10 techniques which use deoxycholate (about 0.5%) to extract blebs from 
meningococcus, and techniques that use low levels of deoxycholate (DOC) or no 
deoxycholate at all. DOC free process blebs have the interesting feature of 
maintaining high level of LOS in the OMV - which is advantageous in a vaccine 
where LOS is a protective antigen. Compared to DOC extracted blebs, the 

15 concentration of L3 Ags in OMV obtained by a DOC free process is approximately 
ten times higher. A detergent-free (preferably DOC-free) process of preparing blebs is 
preferred for the purposes of the processes of this invention for this reason, altho\igh 
extraction with a buffer containing low levels of detergent (preferably DOC) may also 
be advantageous in that the step would leave most of the tightly interacting LOS in the 

20 bleb whilst removing any more toxic loosely retained LOS. Typically 0-0.5% and 
preferably 0-0.3% detergent (preferably DOC) is used for bleb extraction, more 
preferably 0.05-0.2%, and most preferably around 0.1%. DOC free (or low DOC) 
extraction processes are particularly preferred where the LOS has been detoxified by 
one of the methods detailed above. 

25 

Vaccine Compositions 

The immunogenic compositions of tbe invention may readily be formulated as 
vaccine compositions by adding a phaimaceutically acceptable excipient. 

A process for making the Neisserial (preferably meningococcal) immunogenic 
30 compositions or vaccines of the invention is further provided comprising the steps of 
isolating, purified LOS of the invention preferably L2 or L3) as described above or 
producing isolated blebs of the invention (preferably with an or L3 immunotype) 
as described above, and formulating the LOS or blebs with a phaimaceutically 
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invention, or blebs of both immunotype L2 and L3 of the invention, or a pnrifed LOS 
of L2 and a bleb of L3 (or vice versa), are combined in a mixing step. Preferably the 
piuifiled LOS or bleb of the invention has been conjugated as decribed above after 

5 isolation. Aa additional liposome formulation step may also be added for the purified 
LOS (usiDg techniques known in the art - see for instance WO 96/40063 and 
references cited therein). Preferably bleb preparations are isolated by extraction with 
low (or no) concentrations of DOC (as described above). 

Such L2 and L3 combination processes can yield a vaccine which is effective 

10 against almost all meningococcal B strains. 

The above immimogenic compositions (or processes) may have added one or 
more (2, 3 or 4) memngococcal polysaccharides (either plaia or conjugated to a carrier 
comprising T-cell epitopes) from serogroups A, C, Y or W to the composition. 
Preferably at least C is added (most preferably conjugated), and more preferably A 

15 and C or Y and C (preferably all conjugated) and most preferably A, C, Y and W 
(preferably all conjugated). The term "polysaccharide" is intended to cover unsized or 
sized (reduced in size) polysaccharides, or sized oligosaccharides. Advantageously a 
conjugated H. influenzae B c^sular polysaccharide is also included in the above 
compositions to generate a universal meningitis vaccine. 

20 

Vacciae Formulations of the iavention 

The immunogenic compositions of the invention may be formulated with a 
suitable adjuvant to generate vaccine compositions of the invention. 

Suitable adjuvants include an aluminium salt such as aluminxmi hydroxide gel 
25 (alum) or aluminium phosphate (preferably aluminium hydroxide), but may also be a 
salt of calciimi (particularly calcium carbonate), iron or zinc, or may be an insoluble 
suspension of acylated tyrosine, or acylated sugars, cationically or anionicaUy 
derivatised polysaccharides, or polyphosphazenes. 

Suitable Thl adjuvant systems that may be added include, Monophosphoryl 
30 Upid A, particiilarly 3-de-O-acylated monophosphoryl hpid A (or other non-toxic 
derivatives of LPS), and a combination of monophosphoryl hpid A, preferably 3-de- 
O-acylated monophosphoryl lipid A (3D-MPL) [or non toxic LPS derivatives] 
together with an aluminium salt (preferably aluminium phosphate). An enhanced 
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system involves The combination of^ monoi)to"SphDiyl""UpM'^'Tmd*"a"saponm^ 
derivative particularly the combination of QS21 [or other saponin] and 3D-MPL [or 
non toxic LPS derivative] as disclosed in WO 94/00153, or a less reactogenic 
composition where the QS21 [or saponin] is quenched with cholesterol as disclosed in 
W096/33739. A particularly potent adjuvant formulation involving QS21, 3D-MPL 
aud tocopherol in an oil in water emulsion is described in WO95/17210 and. is a 
preferred formulation that may be added. Other adjuvants that may be added comprise 
a saponin, more preferably QS21 and/or an oil in water emulsion and tocopherol. 
Unmethylated CpG containing oligo nucleotides (WO 96/02555) may also be added 

. Vacciue preparation is generally described in Vaccine Design ("The subxmit 
aad adjuvant approach" (eds Powell M.F. & Newman MJ.) (1995) Plenum Press New 
York). 

An iimnunoprotective dose of vaccines can be administered via the systemic or 
mucosal route. These administrations may include injection via the intramuscular, 
intraperitoneal, intradermal or subcutaneous routes; or via mucosal administration to 
the oral/alimentary (preferably intra-nasal administration), respiratory, genitourinary 
tracts. Typically bleb quantity in each vaccine dose is selected as an amoxmt which 
induces an immunoprotective response without significant, adverse side effects in 
typical vaccinees. Such amount will vary depending upon which specific inmumogen 
is employed and how it is presented. Generally, it is expected that each dose will 
comprise l-100|Lig of each bleb, preferably 5-50p,g, and most typically in the range 5 - 
25|Lig. 

Further im prnvem eats to the bleh iTnmunogenic compositions of the invention 

The above bleb compositions of the invention may be further improved in 
efficacy in vaccines of the invention if the Neisserial strain from which they are 
derived (including gonococcus, and preferably meningococcus, most preferably N. 
meningitidis B) have one or more of the following genes (encoding protective 
antigens) upregulated by inserting further copies of the gene into the genome, or 
introducing a stronger promoter upstream of the existing gene, or any of the other 
ways discussed in WO 01/09350 which are enable of inducing modified strains to 
make over 1.2, 1.5, 2, 3, 5 or 10 times the level of antigen as compared to the 
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uimoaffied strain: TTspA {W(T9W19nTZX'mfmB or truncates i33!^mt^0^9fS1rtS2r 
& WO 01/55182; also known as NhhA), Hap CPCT/EP99/02766), OMP85 (WO 
00/23595), PilQ (PCT/EP99/03603), PldA (PCT/EP99/06718), FrpB (WO 96/31618), 
TbpA (WO92/03467, US5912336, WO93/06861 and EP586266), TbpB 
(WO93/06861 and EP586266), NadA (Comanducci et al J. Exp. Med. 2002 195; 
1445-1454), FrpA/FipC or portions in common between these antigens involving 5 or 
more repeat sequences (WO 92/01460; Thompson et al, (1993) J. Bacteriol. 175:811- 
818; Thompson et al, (1993) Infect Immim.. 61:2906-2911), LbpA, LbpB 
(PCT/EP98/05117), FhaB (WO98/02547 SEQ ID NO 38 [nucleotides 3083-9025]), 
HasR (PCT/EP99/05989), Hpo02 (PCT/EP99/08315), Tbp2 (WO 99/57280), MltA 
(WO 99/57280), TspA (WO 00/03003), TspB (WO 00/03003) and ctrA 
(PCT/EPOO/00135). It is particularly preferred if both Hsf and TbpA (Low or High, or 
both Low and High molecular weight forms [EP 586266]), or Hsf and OMP85, or 
OMP85 and TbpA (Low or High, or both Low and High molecular weight forms), or 
NspA and Hsf, or NspA and OMP85, or NspA and TbpA (Low or High, or both Low 
and High molecular weight forms) are both upregulated. TbpA may be upregulated 
genetically or by growing the meningococcal production strains in iron limited 
conditions for instance in the presence of 50-70 pM Desferal (deferoxamine mesylate, 
available from Sigma). If latter approach is taken, it is preferred that the FrpB gene 
expression is downregulated (preferably deleted) as this variable antigen may become 
inunuQodominant in blebs isolated from meningococcal strains isolated in Iron limited 
conditions. 

Ghost or Killed Whole cell vaccines 

The inventors envisage that the above compositions and vaccines concerning 
blebs can be easily extended to processes concerning ghost or killed whole cell 
preparations and vaccines (with identical advantages). Methods of making ghost 
preparations (empty cells with intact envelopes) from Gram-negative strains are well 
known in the art (see for example WO 92/01791). Methods of killing whole cells to 
make inactivated cell preparations for use in vaccines are also well known. Therefore 
the compositions and vaccines involving blebs described throughout this document 
are envisioned to be applicable to the the same compositions or vaccines comprising 
equivalent ghost and killed whole cell preparations of the invention. 
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Serum bactericidal assay 



The serum bactericidal assay is the preferred method to assess synergistic 
5 relationships between antigens when combined in an immunogenic composition of the 
invention. 



Such a synergistic response may be characterised by the SBA eUcited by the 
combination of antigens being at least 50%, two times, three times, preferably four 

10 times, five times, six times, seven times, eight times, nine times and most preferably 
ten times higher than the SBA eUcited by each antigen separately. Preferably SBA is 
measured against a homologous strain JBrom which the antigens are derived and 
preferably also against a panel of heterologous strains. (See below for a representative 
panel for instance BZIO (B:2b:PL2) belonging to the A-4 cluster; B16B6 (B:2a:P1.2) 

15 belonging to the ET-37 complex; and H44/76 (B:15:P1.7,16)). SBA is the most 
commonly agreed immunological marker.to estimate the efficacy of a meningococcal 
vaccine (Perkins et al. J Infect Dis- 1998, 177:683-691). Satisfactory SBA can be 
acertained by any known method, SBA can be carried out using sera obtained from 
animal models, or from human subjects. 

20 

A preferred method of conducting SBA with hxmian sera is the following. A 
blood sample is taken prior to the first vaccination, two months after the second 
vaccination and one month after the third vaccination (three vaccinations in one year 
being a typical human primary vaccination schedule administ^ed at, for instance, 0, 2 

25 and 4 months, or 0, 1 and 6 months). Such human primary vaccination schedules can 
be carried out on infants xmder 1 year old (for instance at the same time as Hib 
vaccinations are carried out) or 2-4 year olds or adolescents may also be vaccinated to 
test SBA with such a primary vaccination schedule. A ftirther blood sample may be 
taken 6 to 12 months after primary vaccination and one month after a booster dose, if 

30 apphcable. 

SBA will be satisfactory for an antigen or bleb preparation with homologous 
bactericidal activity if one month after the third vaccine dose (of the primary 
vaccination schedule) (in 2-4 year olds or adolescents, but preferably in infants in the 
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■ jBrst year of life) the percentage 6F subjects wSQi a lour-lold increase in terms oTSBA 

(antibody dilution) titre (compared with pre-vaccination titre) against the strain of 

merdngococciis from which the antigens of the invention were derived is greater than 

30%, preferably greater than 40%, more preferably greater than 50%, and most 

5 preferably greater than 60% of the subjects. 

Of course an antigen or bleb preparation with heterologous bactericidal 

activity can also constitute bleb preparation with homologous bactericidal activity if it 

can also elicit satisfactory SBA against the meningococcal strain from which it is 

derived. 

10 SBA will be satisfactory for an antigen or bleb preparation with heterologous 

bactericidal activity if one month after the third vaccine dose (of the primary 
vaccination schedule) (in 2-4 year olds or adolescents, but preferably in infants in the 
first year of life) the percentage of subjects with a four-fold increase in terms of SBA 
(antibody dilution) titre (compared with pre-vaccination titre) against three 

15 heterologous strains of meningococcus is greater than 20%, preferably greater than 
30%, more preferably greater than 35%, and most preferably greater than 40% of the 
subjects. Such a test is a good indication of whether the antigen or bleb preparation 
with heterologous bactericidal activity can induce cross-hactericidal antibodies against 
various meningococcal strains. The three heterologous strains should preferably have 

20 dififerent electrophoretic type (ET)-complex or multilocus sequence typing (MLST) 
pattem (see Maiden et al. PNAS USA 1998, 95:3140-5) to each other and preferably 
to the strain from which the antigen or bleb preparation with heterologous bactericidal 
activity is made or derived. A skilled person will readily be able to determine three 
strains with different ET-complex which reflect the genetic diversity observed 

25 amongst meningococci, particularly amongst meningococcus type B strains that are 
recognised as being the cause of significant disease burden and/or that represent 
recognised MenB hyper-virulent lineages (see Maiden et al. supra). For instance three 
strains that could be used are the following: BZIO (B:2b:PL2) belonging to the A-4 
cluster; B16B6 (B:2a:P1.2) belonging to the ET-37 complex; and H44/76 

30 (B:15:P1.7,16) belonging to the ET-5 complex, or any other strains belonging to the 
same ET/Cluster. Such strains may be used for testing an antigen or bleb preparation 
with heterologous bactericidal activity made or derived from, for instance, 
meningococcal strain CU385 (B:4:P1.15) which belongs to the BT-5 complex. 
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^ Another sample strain that could be used is from the Lineage 3 epidemic clone (.e.g. 
NZ124 [B:4:P1.7,4]). Another ET-37 strain is NGP165 (B:2a:P1.2). 

Processes for measuring SBA activity are known in the art. For instance a 
method that might be used is described in WO 99/09176 in Example IOC. In general 
5 terms, a culture of the strain to be tested is grown (preferably in conditions of iron 
depletion - by addition of an iron chelator such as EDDA to the growth medium) in 
the log phase of growth. This can be suspended in a medium with BSA (such as 
Hanks medium with 0.3% BSA) in order to obtain a working cell suspension adjusted 
to approximately 20000 CFU/nal. A series of reaction mixes can be made mixing a 
10 series of two-fold dilutions of sera to be tested (preferably heat-inactivated at 56°C for 
30 min) [for example in a SOjxl/well volume] and the 20000 CFU/ml meningococcal 
strain suspension to be tested [for example in a 25p.l/well volume]. The reaction vials 
should be incubated (e.g. 37°C for 15 minutes) and shaken (e.g. at 210 rpm). The final 
reaction mixture [for example in a 100|il volume] additionally contains a complement 
15 source [such as 25 % final volume of pretested baby rabbit serum, or human sermn for 
human serology], and is incubated as above [e.g. 37^*0 for 60 min]. A sterile 
polystyrene U-bottom 96-well microtiter plate can be used for this assay. A aliquot 
[e.g. 10 |al] can be taken from each well using a multichannel pipette, and dropped 
onto Mueller-Hinton agar plates (preferably containing 1 % Isovitalex and 1 % heat- 
20 inactivated Horse Serum) and incubated (for example for 18 hours at 37°C in 5 % 
CO2). Preferably, individual colonies can be counted up to 80 CFU per ahquot. The 
following three test samples can be used as controls: buffer + bacteria + complement; 
buffer + bacteria + inactivated complecnent; serum + bacteria + inactivated 
complement. SBA titers can be straightforwardly calculated using a program which 
25 processes the data to give a measurement of the dilution which corresponds to 50 % of 
cell killing by a regression calculation. 



All references or patent applications cited within this patent specification are 
iucorporated by reference herein. 
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EXAMPLES 

The examples below are carried out using standard techniques, which are well 
known and routine to those of sln'n in the art, exc^t where otherwise described in detail. 
S Hie exanq>les are illustratiye, but do not limit the invention. 

Example 1: 

Examples describing deletions genes encoding proteins involved in B capsidar 
polysaccharide production of meningococcus B, the deletion of the PorA gene, the 
10 upregulation of various protective outer membrane proteins on the surface of 
meningococcal blebs, the downregulation of immunodominant proteins or 
biosynthetic enzymes, and processes for isolating blebs are described in WO 
01/09350. 

15 Example 2: FvperiTne nts with L3 and intermediate (IgtBl DOC free blebs (non- 
dfttnyified T. OS^ induced cross-bactericidal antibodies 

The MC58 meningococcal derivative strain used is B:P1.7.16, opc-, sioD-. 
This strain was genetically modified to express either L3 (strain 2G2) or an 
20 intermediate epitope (strain 2G EcoNlb-1), as 2G2 but IgtB additionally turned off) or 
an LPS in short version (strain C6, IgtE off). OMV were produced according either a 
normal high DOC process or DOC free process. 

Mice (10 per group) were immunized three times by ttie intra-muscular route 
on Day 0, 20 and 28. They received 1 or 10 jxg (protein content) of blebs formidated 
25 on Al(OH)3. Blood samples were taken on day 28 (post II) and day 42 (post m). 

Bactericidal assays were done on pooled SCTa and using homologous strains 
(MC58 and H44/76) and two heterologous strains (M97250687 and M9725078) with 
baby rabbit serum as source of exogenous complement. 

The following table sxmmiarizes the results (bactericidal titers for 50% 
30 killing): 
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Strain and serotype 




Antigen 


Blood 


MC58 


H44/76TT- 


M97250687 


M97252078 




samples 


PI .7.1 6 


P1.7.16 


P1. 19.15 


PI .4 


c6no dodOug iM 


Post II 


>2560 


>2560 


>2560 


93 


c6no doclOug (M 


Post III 


1 353 


>2560 


>2560 


90 


c6 no doc lug IM 


Post 11 


247 


620 


247 


<20 


c6 no doc lug IM 


Post 111 


411 


878 


748 


<20 


2g2 no doc lOug IM 


Post 11 


>320 


>2560 


>2560 


>2560 


Or\0 nn rfrtf* iniin IM 

1 iU Uww IwU^ IIVI 


Post 111 


>2560 


>2560 


>2560 


1407 


O^O rir%e\ Attn WA 

2g2 no doc lug iM 


Post 11 


>2560 


>2od0 




119 


2g2 no doc 1ug IM 


Post III 


>2560 


>2560 


>2560 


348 


2gecoN1b-1 no doc 10ug IM 


Post II 




>2560 


>2560 


\ \ 


2gecoN1b-1 no doc lOug IM 


Post 111 


>2560 


>2560 


>2560 


1213 


2gecoN1b-1 no doc 1ug IM 


Post (1 


1 151 


>2560 


1 696 


22 


2gecoN1b-1 no doc lug IM 


Post III 


2 220 


>2560 


1 947 


135 


c6 doc lOug IM 


Post n 


308 


248 


341 


<20 


c6 doc lOug IM 


Post III 


189 


104 


400 


<20 


' c6 doc lug IM 


Post 11 


33 


43 


63 


<20 


c6 doc lug IM 


Post 111 


NC C>20) 


24 


156 


<20 


2g2 doc 10ug IM 


Post 11 


NC (>20) 


25 


360 


<20 


2g2 dodOuglM 


Post 111 


201 


<20 


647 


<20 


2g2 docluglM 


Post II 


275 


<20 


299/644 


<20 
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Clearly, the presence of L3 (2g2) or intranediate (2geconlb-l) epitope induces 
cross-bactericidal antibodies, while blebs from truncated LPS strain (C6) induce lower 
level pf cross-reacting antibodies. This was particularly illustrated when l|iig of OMV 
5 was injected. 

Moreover, as shown with OMV purified with DOC, reducing the LPS content 
of blebs reduces the induction of cross-bactericidal antibodies. Aside from increased 
LPS, it is possible that DOC free blebs may also advantageously retain some proteins 
losely interacting with the OMVs such as Upoproteins. 

10 

Example 3: Intra-bleb cross-linking of L3 LOS and Outer-Membrane Protein 

The MenB blebs used were derived from an H44/76 strain (LOS immunotype 
L3) that was SiaD" (thus not expressing capsular polysaccharide) and PorA". Two 
15 different strains were used: a full L3 (strain B1717, siad(-) PorA (-) Full L3) and a 
truncated L3 (strain B1727, siad(-) PorA (-) IgfB(-) TrL3). 
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The ED AC /NHS conjugation process was used according to known methods 
to cross-link LOS and OMP within the blebs to render the ohgosacchaiide component 
of LOS a T-dependent antigen (ED AC /NHS was preferred to formalydehyde which 
was found to cross-link to too high an extent thus adversely affecting filterability). 
EDAC reacts with carboxylic acids to create an active-ester intermediate. In the 
presence of an amine nucleophile, an anodde bond is formed with release "of an isourea 
by-product However, the efficiency of an EDAC-mediated reaction may be increased 
through the formation of a Sulfo-NHS ester intermediate. The Sulfo-NHS ester 
sundves in aqueous solution longer than the active ester formed jfrom the reaction of 
EDAC alone with a carboxylate. Thus, higher yields of amide bond formation may be 
reaUzed using this two-stage process. EDAC/NHS conjugation is discussed in J.V. 
Staros, R.W. Wright and D. M. Swingle. Enhancement by N-hydroxysuccinimide of 
water-soluble carbodiimide-mediated coupling reactions. Analytical chemistry 156: 
220-222 (1986); and Bioconjugates Techniques. Greg T. Hermanson (1996) ppl73- 
176. 

The reaction mixture contained 1.5 mg Sulfo-NHS and 5 mg EDAC in 3% 
sucrose (for bleb stability) in a volume of ImL. Blebs were present in a ratio of 
0.025mg EDAC / mg blebs. Blebs were present in a concentration of 2 mg/ml and pH 
was adjusted to 7.5 with HCl 0.1 N. 

The reaction was left for 4 hours at room temperature, and the mixture was 
dialysed against 2 mM phosphate buffer containing 3% sucrose, pH 7.5. The mixture 
was then filtered on Sterivex GIO 0.22 pm. A yield of 99% blebs was recovered. 

EDAC was found to be an excellent intra-bleb cross-linking agent dn that it 
cross-linked LOS to OMP sufficiently for improved LOS T-dependent 
inmiunogenicity, but did not cross link it to such a high degree that problems such as 
poor filterability, aggregation and inter-bleb cross-linking occurred. The morphology 
of the blebs generated is similar to that of unconjugated blebs. In addition, the above 
protocol avoided an overly high cross-linking to take place (which can decrease the 
immunogenicity of protective OMPs naturally present on the surface of the bleb e.g. 
TbpA). 
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Example 4: L3 and truncated (intermediateTlgtB-) L3"caia induce production of 
bactericidal Abs which recognise truncated (intermediate IgtB-; TrL3) L3 LOS 

OMV (blebs) were produced jarom MenB strain H44/76 siaD- PorA- L3 or 
5 from H44/76 siad- porA- TrL3/ Two different extractions were perfomied; the 
percentage of DOC used was either 0.1 or 0.5%. Two different adjuvant fomiulations 
were also evaluated: Al(OH)3 or Aluminium phosphate + 3D-MPL. Mice (OFl 
female mice, 6-8 weeks old, 30 per group) were injected 3 times (at day 0, 21 and 28) 
by IM route (5 \xg blebs/injection). SBA were collected on post II (day 28) and post IH 
10 (day 42) sera (pooled sera or individual sera). 

The geometric mean titre and pooled sera titre for 50% cell killing was greater 
for sera induced by blebs extracted with 0,1% DOC as compared with 0.5% DOC 
extraction. This is likely to be explained by the fact that there tends to be 2.5 times as 
much LOS in the former blebs as compared with the latter. There was no significant 
15 difference between SBA of sera induced with blebs containing full L3 LOS or 
truncated L3 LOS. There is an increase in SBA if blebs are adjuvanted with 
aluminium phosphate + 3D-MPL as compared with aluminium hydroxide. 

Sera depletion experiments were also done. Sera wctc depleted using 1 mg/mL 
purified L3 or trL3 LOS and then SBA were performed on these depleted sera. The 
20 results showed that bactericidal Abs (containing anti-L3 antibodies) can be almost 
entirely depleted by trL3 LOS pre-treatment of sera, and bactericidal Abs (containing 
anti-trL3 antibodies) can be almost entirely depleted by L3 LOS pre-treatment of sera. 
Anti-L3 bactericidal Abs are thus able to react with trL3 LOS, and anti-trL3 
bactericidal Abs are thus able to react with L3 LOS. Furthermore, the specificity of 
25 bactericidal Abs for a LOS structure present in both L3 and trL3 LOS has thus been 
demonstrated. 

In conclusion, we have demonstrated that TrL3 structure (in OMVs) is able to 
induce production of bactCTicidal Abs against L3 strains. In combination with the 
depletion experiments, we have shown that TrL3 and L3 LOS are very close stractures 
30 on an immunological basis, and trL3 can be used to generate Ab capable of killing L3 
strains. 
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^ Example 5: TrL3 solves the potential problem of autoiimniintty with 



structure 



• If L3 and trL3 structures are so closely related immunologicaUy in tenns of 
protective antibodies, is there any difference between the structures with respect to the 
possible autoimmunity issues associated with L3 (and L2) LOS [through the lacto-N- 
neotetraose moiety]? We have addressed this issue by looking at whether cold 
agglutinins are able to recognise trL3 IXDS? 

MAb 1B2-1B7 (J Bio Chem 256(1981) 10967-10972; and ATCC deposit 
number TIB-189) is known to agglutinate human adult red blood cells (RBQ at low 
temperatures and react with LNnT (lacto-N-neotetraose). It is a typical cold 
agglutinin. 

This monoclonal antibody was used in the foUowing experiment in 
conjunction with a MabL3.7.9 monoclonal antibody which is capable of kiUing L3 

menin^coccal strains. 

These two mAbs were used in ELISA witii microplates precoated with poly-L- 
lysine (lug/ml, 2h at 37°C) and then coated with purified L3 or purified TrL3 LOS 
(5(xg, over-night at 4°C). Hie plates were tiien saturated with BSA (1%, 30 min at 
room temperature). Thereafter a standard ELBA was carried out with each of the 2 
antibodies. 

The results (Figure 3) clearly show that Mab L379 reacts with L3 and TrI3 
(Fig 3B) but 1B2-1B7 reacts only against L3 LOS (Fig 3A). Thus, we can say that 
TrL3 is not recognised by cold agglutinin which reacts against structures containing 
LNnT tetrasacchaiide (such as L3 LOS and human red blood cells). 

TrL3 LOS thus has the optimal characteristics of being long enough to retain 
protective epitopes, but short enough to lose epitopes that might have human 

autoinmnme imphcations. 

There is no reason to suggest that this should not also be the case for the 
truncated L2 (IgtB-) LOS stracture proposed in this patent appUcation. 
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|L. 

We Claim: 



1 . A Neisserial bleb preparation derived from a neisserial strain which has had 2 
5 or more of the foUoAviiig outer membrane proteins downregulated in expression, and 

preferably deleted, compared to the native strain: PorA, PorB, OpA, OpC or PilC. 

2. A Neisserial bleb preparation derived from a neisserial strain with an L2 LOS 
immunotype which has had 1 or more of the following outer membrane proteins 
downregulated in expression, and preferably deleted, compared to the native strain: 
PorA, PorB, OpA, OpC or PilC. 



3. A Neisserial bleb preparation derived from a neisserial strain with an L3 LOS 

immunotype which has had 1 or more of the following outer membrane proteins 

15 downregulated in expression, and preferably deleted, compared to the native strain: 
PorA, PorB, OpA, OpC or PilC. 

4. A multivalent Neisserial bleb preparation derived from a neisserial strain with 
an L2 LOS immunotype and a neisserial strain with an L3 LOS immunotype, wherein 



one or more of said strains has had 1 or more of the following outer membrane 
proteins downregulated in expression, and preferably deleted, compared to the native 
strain: PorA, PorB, OpA, OpC or PilC. 

5. A meningococcal serogr6up B bleb preparation derived from a meningococcal 
25 serogroup B strain which has had either or both of the following genes downregulated 
in expression, and preferably deleted, conq)ared to the native strain: siaD [or, 
alternatively, ctrA, ctrB, ctrC, ctrD, synA (equivalent to synX and siaA), synB 
(equivalent to siaB) or synC (equivalent to siaC)] and IgtB. 

30 6. The Neisserial bleb preparation of claims 1-3 or the multivalent Neisserial 
bleb preparation of claim 4 derived from meningococcal serogroxqi B strains as 
claimed in claim 5. 



26 



VB60120 

'"riie Neisserial bleb preparation or tiie multivalent Neisserial bleb preparation 
of any one of claims 1-6 derived from neisserial strains ^ch have had any of the 
following combinations of outer membrane proteins downregulated in expression, and 
preferably deleted, compared to the native strains: PorA and OpA. PorA and OpC, 
OpA and OpC, PorA and OpA and OpC. 

8. The Neisserial bleb preparation or the multivalent Neisserial bleb preparation 
of any one of claims 1-7 derived from detoxified neisserial strains which have had 
either or both of the following combinations of genes downregulated in expression, 

10 and preferably deleted, compared to the native strains: msbB or htrB. 

9. The Neisserial strain from which the Neisserial bleb preparations of claims 1-8 
are derived. 

15 10. A LOS preparation isolated from the Neisserial strain of claim 9. 

1 1 The LOS preparation of claim 10 comprising irimiunotype L2 and L3 LOS. 
12. The LOS preparation of claim 10 or 11 in a liposome formulation. 
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13. The Neisserial bleb preparation of any one of claims 1-8 or the LOS 
preparation of claims 10-12, wherein the LOS contained therein is conjugated to a 
source of T-helper epitopes, preferably a protein or outer membrane protein. 

14. An immunogenic composition or vaccine comprising the Neisserial bleb 
preparation or the LOS preparation of any one of claims 1-8 or 10-13, and a 
phamiaceutically acceptable excipient 

15. The vaccine of claim 14, additionally comprising an adjuvant, preferably 
30 aluminium hydroxide. 

16. The vaccine of claim 14 or 15 additionally comprising one or more conjugated 
capsular polysaccarides or oUgosaccharides derived from the following strains: 
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10 



meningococcus serogroiq) A, meningococcus serogroup C, meningococcus SCTo^oup" 
W-135, meningococcus serogroup Y, mdH. influenzae type b. 

17. A process of manufacturing the Neisserial bleb preparation vaccine of claim 
14 comprising the steps of culturing a Neisserial strain of claim 9, isolating blebs 
therefrom, and formulating the blebs with a phaimaceutically acceptable excipient. 

1 8. The process of claim 17, wherein the isolation steg is carried out by extracting 
with 0-0.3% deoxycholate. 

19. A bleb preparation from a Gram-negative bacterial strain in the outer- 
membrane of which is integrated an outer-membrane protein conjugated to LOS. 

20. The bleb preparation of claim 19, wherein more than 10, 20, 30, 40, 50, 60, 70, 
15 80, 90, 95 or 99% of the conjugated LOS has its hpid A moiety integrated in tiie 

outer-membrane of the bleb and/or in an environment whereby its toxicity is reduced 
or shielded from a host to which it has been administered. 

21. The bleb preparation of claim 19 or 20, wherein more than 10, 20, 30, 40, 50, 
20 60, 70, 80, 90, 95 or 99% of tiie conjugated LOS is in a native conformation suitable 

for inducing a bactericidal antibody response against it when administered to a host's 
immune system. 

22. The bleb preparation of claims 19-21, wherein the outer-membrane protein is 
25 conjugated to the oUgosaccharide or polysaccharide moiety of the LOS molecule. 

23. The bleb preparation of claim 19-22, wherein the outer-membrane protein and 
LOS molecule are native to the Gram-negative bacterial strain from which tiie blebs 
are derived. 
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24. The bleb preparation of claims 19-24 obtainable by a process of intia-bleb 
cross-linking. 
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"^25 , The bleb preparation of claims 19-24 wherein more ihan 10, 20, 30, 40, 50, 60, 
70, 80, 90, or 95% of the LOS present in the blebs is cross-linked. 

26. The bleb preparation of claims 1 9-25 derived from a Gram-negative strain that 
does not produce c^npsular polysaccharide. 

I 

27. The bleb preparation of claims 19-26, wherein capsular polysaccliaride is not 
conjugated to a outer-membrane protein integrated in the bleb preparation. 

28. The bleb preparation of claims 19-27 derived from a Moraxetta catarrhalis or 
a non-^eable Haemophilus influenzae strain. 

29. The bleb preparation of claims 19-27 derived from a Neisserial strain, 
preferably JVewjeria meningitis. 

30. The bleb preparation of claim 29 wherein the LOS has a truncated structure 
coMistent with it having been derived from a strain which is IgtB". 

31. The bleb preparation of claim 29 or 30 wherein the bleb preparation comprises 
a mixture of blebs of L2 andL3 LOS immunotypes. 

32. The bleb preparation of claims 29-31, wherein the LOS Lipid A moiety lacks 
secondary acyl chains consistent with it having been isolated from a hfrfi- or msbB' 
meningococcal strain. 

33. An immunogenic composition or vaccine comprising the bleb preparation of 
claims 19-32, and apharmaceutically acceptable excipient 

34. The immunogenic composition or vaccine of claim 33 additionally comprising 
an adjuvant, preferably aluminium hydroxide. 

35. The immunogenic composition or vaccine of claim 33 or 34 additionally 
comprising one or more conjugated capsular polysaccarides or oUgosaccharides 
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derived from the following strains: meningococcus serogroup A, meningococcus 

serogroup C, meningococcus serogroup W-135, meningococcus serogroup Y, and K 
influenzae type b. 

5 36. A process of producing a intra-bleb conjugated bleb preparation from a Gram- 
negative balcterial strain in the outer-membrane of which is integrated an outer- 
membrane protein conjugated to LOS, comprising the steps of: 

a) isolating blebs from the Gram-negative strain, 

b) carrying out chemistry suitable for conjugating the oHgosaccharide moiety 
of the LOS present in the blebs to a outer membrane protein present on the 
same bleb, 

c) isolating the intra-bleb conjugated bleb preparation, and 

d) optionally formulating the iatra-bleb conjugated bleb preparation with a 
further intra-bleb conjugated bleb preparation made by the same process 
but having a different LOS inmaunotype and/or formulating the bleb 
preparation with a pharmaceutically acceptable excipient to make a 
vaccine composition. 

37. The process of claim 36 wherein in step a) the blebs are extracted using a low 
20 concentration, such as 0-0.3%, deoxycholate. 

38. The process of claim 36 or 37, wherein in step b) the pH is kept between 7 and 
9, preferably around pH 7.5. 

25 39. The process of claims 36-38, wherein step b) is carried out in 1-5% sucrose, 
preferably around 3%. 

40. The process of claims 36-39, wherein step b) is earned out in low NaCl 
concentration conditions. 

41. The process of claims 36-40, wherein step b) is carried out with EDAC/NHS 
chemistry. 
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42. The process of claims 36-41, wherein in step a) the blebs are isolated from a 
memngococcal strain, preferably a meningococcus B strain. 



43. The process of claim 42 wherein the memngococcal strain cannot make 
5 capsular polysaccharide, and is preferably a siaD" mutant. 

! * 

44. The process of claim 42 or 43 wherein the meningococcal strain is an IgfB" 
mutant 



45. The process of claims 42-44 wherein the meningococcal strain has an L2 LOS 
immunotype. 

46. The process of claims 42-44 wherein the meningococcal strain has an L3 LOS 
immunotype. 

47. The process of claims 42-46 wherein in step d) a meningococcal intra-bleb 
conjugated bleb preparation with an L2 immunotype is combined with a further 
meningococcal intra-bleb ponjugated bleb preparation with an L3 immunotype. 
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ABSTRACT 

The present invention relates to the field of neisserial vaccine compositions, 
their manufecture, and the use of such compositions in medicine. More particularly it 
relates to processes of making novel engineered meningococcal strains which are 
more suitable for the production of neisserial, in particular meningococcal, outer- 
membiane vesicle (or bleb) vaccines. Advantageous processes and vaccine products 
are also described based on the use of novel LOS subunit or meningococcal outer- 
membrane vesicle (or bleb) vaccines which have been rendered safer for use in human 
subjects. In particular combinations of gene downregulations are desaibed such as 
PorA & OpA, PorA and OpC, OpA and OpC, and PorA and OpA and OpC. 
Additionally a combination of gene downregulations are described to render 
meningococcal B blebs safer: namely SiaD and IgtB. 
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Figure 1: L3 and 12 immunotypes (H44/76 , MC58 strains) 




,<r^^ Sialic acid 
<;^^ glucose acetylglucosamiiie 

j p I galactose [ p^y^ | phosphoethanolamine 
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